Background and Aim: Retrospective evaluation of hepatitis C virus (HCV) prevalence in lymphoma tissues has important applications in clarifying the contribution of viral factors to the pathogenesis. Trials for detection of HCV at the cellular level in lymphoma tissues are, so far, minimal with unsatisfactory results. We aimed to study the detection and localization of HCV in the tissues of B-cell non-Hodgkin lymphoma (NHL) patients.
S
everal viruses have been implicated in the pathogenesis of various types of hematologic malignant neoplasms in humans. [1] [2] [3] [4] [5] [6] [7] The best examples of these are Epstein-Barr virus in Burkitt lymphoma 1 and Hodgkin disease, 2 human T-lymphotropic virus I in human T-cell leukemia, 3 Kaposi sarcoma-associated herpes virus in primary effusion lymphoma, 5 and the lymphomas associated with multicentric Castleman disease in human immunodeficiency virus-infected patients. 6 Hepatitis C virus (HCV) is one of the tumor-associated viruses because of its role in hepatocarcinogenesis. HCV-associated lymphomas have been observed, but whether they are caused by HCV remains to be shown definitively. 8 The World Health Organization estimates that 170 million people are infected with HCV. 9 An estimated 12% to 15% of Egyptians, or 8 to 10 million people, have serologic evidence of HCV infection. 10 The HCV genome, a 9.4-kb positive sense single stranded RNA, encodes for a polyprotein precursor that is posttranslationally cleaved into putative structural and nonstructural (NS) proteins. HCV consists of several sequential functional elements: a conserved 5 0 untranslated region, followed qby the nucleocapsid (core) protein and 2 envelope glycoproteins (E1 and E2/NS1) that are included in a structural region, and then NS2, NS3, NS4, and NS5 (the viral replicase), which are part of a NS region. 11 Epidemiologic studies based on serologic detection of HCV have provided evidence of an association between HCV infection and increased risk of nonHodgkin lymphoma (NHL). 8, [12] [13] [14] [15] In these studies, HCV infection was found in 9% to 32% of patients with In a large multicenter study, a 2-fold increased risk for B-cell NHL and a greater than 3-fold elevated risk for diffuse large B-cell lymphoma (DLBCL) was found in relation to HCV-RNA. 14 Evidence from epidemiologic studies is strengthened by clinical data showing a regression of lymphoma after successful treatment of HCV infection. [16] [17] [18] Chronic HCV infection leads to chronic stimulation of the immune system and has been associated with the development of immunerelated disorders, such as type II mixed cryoglobulinemia (MC). 7, 19 MC is a nonmalignant lymphoproliferative condition, which may evolve into B-cell NHL in 5% to 8% of cases. 19 Few studies were able to detect HCV-RNA sequences in the tissues of patients with B-cell NHL, suggesting a role for HCV infection in lymphomagenesis. [20] [21] [22] [23] [24] [25] Testing for HCV core protein by immunohistochemistry (IHC) did not yield satisfactory results. 24, 25 We studied the prevalence and distribution of HCV proteins in lymphoma tissues using a commercially available monoclonal antibody, directed against a synthetic NS3 peptide fragment of HCV.
MATERIALS AND METHODS
We performed a retrospective study on 39 formalinfixed paraffin-embedded tissue specimens of patients serologically positive for HCV and diagnosed as having B-cell NHL in the National Cancer Institute, Cairo University, Egypt between January 2001 and May 2006. All serologically positive cases with adequate paraffinembedded tissue material were included in the study. Lymphoma tissue samples of 35 patients serologically negative for HCV were included in the study as controls. Data concerning the patient's age, sex, and location of the primary tumor presentation were obtained from the pathology reports. Hematoxylin and eosin stained sections prepared from the paraffin blocks were reexamined and classified according to the World Health Organization classification of lymphoid tumors. 26 Evidence of HCV infection in the 39 patients was based on previously performed serologic testing of blood specimens withdrawn from the patients before the start of treatment. Testing for anti-HCV antibodies was carried out by Abbott HCV enzyme-linked immunoassay (EIA) 3.0 (Abbott Park, IL) according to the manufacturer's instructions. Samples were initially tested for HCV-RNA by direct nested reverse transcription-polymerase chain reaction (RT-PCR) as described previously, with modifications to increase the sensitivity of the assay. 27 The primers used for RT-PCR were derived from the highly conserved 5 0 -untranslated region of HCV genome. 28 The nested primers amplified a 237 base pair fragment. The PCR products were detected on 3% agarose gels in 0.5 Â Tris-borate-ethylenediaminetetraacetic acid buffer. The sensitivity of the assay is 50 IU/mL. The sequences of the primers used are shown in Table 1 . A positive result by the direct RT-PCR method was considered truly positive and no further investigation was carried out. A sample that was negative by both direct RT-PCR and EIA was considered negative. However, all samples that tested negative by direct nested RT-PCR and positive by EIA were retested by conventional RT-PCR, which differed from direct RT-PCR in that it included an RNA purification step. 29 We used IHC to detect the HCV-NS3 protein in lymphoma tissue samples of the HCV serologically positive patients and the serologically negative controls. All samples were formalin-fixed, paraffin-embedded tissue material obtained from the archives of the Department of Pathology, National Cancer Institute, Cairo University. Paraffin sections were cut by a microtome at 5 mm thickness and picked up onto poly-L-lysine coated microscope slides and dried overnight at room temperature. After dewaxing and rehydration, the sections were pretreated in citrate buffer (pH 6.0) using microwave (Goldstar 1000 W with digital control) at 1301C for 30 minutes, followed by blocking of endogenous peroxidase. Nonspecific protein binding was blocked through incubation with 10% normal horse serum for 20 minutes at room temperature. Sections were then incubated with the monoclonal mouse antihepatitis C virus antibody HCV-NS3, clone MMM33 (Novocastra, Newcastle, UK); 1:50 dilution overnight at 41C. Avidin-biotin peroxidase complex detection system from Lab Vision Corporation was applied with 3,3 0 diaminobenzidine as chromogen (Lab Vision, Fremont, CA). Liver tissue samples positive for HCV-NS3 protein were used as positive controls for immunohistochemical staining. For the negative control slides, substitution of the monoclonal antibody by diluted normal bovine serum was carried out.
RT-PCR was performed as described before in serum to detect the HCV-RNA in the lymphoma tissue samples positive for HCV by IHC. RNA extraction from formalinfixed paraffin-embedded tissue was carried out as follows: 2 unstained 5-mm sections were deparaffinized in a series of xylene and graded alcohol. Then, tissue was digested overnight in a lysis buffer containing 500 mg/mL proteinase K, 1% sodium dodecyl sulfate, 20 mmol/L Tris-HCl (pH 8.0), and 5 mmol/L ethylenediaminetetraacetic acid (pH 8.0). After DNase treatment (20 U/mL), RNA was extracted using QIAamp Viral RNA Mini kit procedure (Qiagen, Santa Clarita). The adequacy of the RNA extracts from all specimens was assessed by assaying for glyceraldehyde-3-phosphate dehydrogenase messenger RNA by RT-PCR. Nucleic acids extracted from an HCV-positive liver specimen were included as the positive control and nucleic acids extracted from an HCV-negative liver specimen were used as the negative control. Descriptive statistics were expressed as mean and SD for continuous variables. For discrete data, it was expressed in percentage. Statistical analysis was performed using the w 2 or Fisher exact test when appropriate, and P<0.05 was taken as the level of significance.
RESULTS
There was no age or sex difference between the serum HCV-RNA positive and the serum HCV-RNA negative groups in B-cell NHL patients. Male predominance was present in both groups; 22 out of 39 in the serum positive patients and 21 out of 35 in the serum negative patients. The mean age for the serum HCVpositive patients was 51.46 ± 11.82 years whereas for the serum HCV-negative patients it was 44.31 ± 15.41 years. Extranodal presentation was documented in 7 out of 39 serum positive patients and 6 out of 35 serum negative patients. Diffuse large-cell histology was the dominant subtype followed by the follicular subtype in serum positive patients (72% and 18%) and also in serum negative patients (77% and 11%). All serum HCV-RNA positive patients had genotype 4 of HCV and all except 1 were positive for anti-HCV antibody in serum. Table 2 shows the data for serum anti-HCV, HCV NS3 immunostaining, and clinicopathologic characteristics for serum HCV-RNA positive patients.
We detected HCV-NS3 protein by IHC in the tissues of 8 cases (20.5%) of serum HCV-RNA positive B-cell NHL patients. These 8 cases comprised DLBCL (6 cases), follicular lymphoma (1 case), and small lymphocytic lymphoma (1 case). All positive cases showed cytoplasmic staining for the HCV-NS3 protein in malignant and reactive benign lymphoid cells (Fig. 1) . The percentage of stained cells ranged between 10% and 70% with a mean of 29% stained lymphoid cells. Other nonlymphoid cells were negative except for rare staining in normal endothelial cells. Two DLBCL, out of the 35 serum negative B-cell NHL specimens, were positive for HCV immunostaining (5.7%). No significant correlation was detected between immunostaining results and the age or sex of the investigated B-cell NHL patients. Also no significant correlation was found with the extranodal presentation or the histologic subtype of the B-cell NHL.
Only 1 of 10 immunohistochemically positive specimens was positive for HCV-RNA in tissue using RT-PCR (Fig. 2) . This tissue RNA positive specimen belonged to the control group in which HCV-RNA was negative in serum. The other 9 specimens did not yield adequate RNA material.
DISCUSSION
We performed a retrospective analysis of HCV in archival paraffin-embedded blocks of lymphoma tissues. This is one of the few studies correlating the results of IHC with the serologic profile of the patients. The association between HCV and B-cell NHL has been essentially based on serologic testing for HCV. 8, [12] [13] [14] [15] We detected HCV antigens by immunostaining in the tissues of 8 (20.5%) serum HCV-RNA positive and 2 (5.7%) serum HCV-RNA negative B-cell NHL patients. Two previous studies have evaluated the prevalence of HCV in NHL in the serum and tissue simultaneously. 24, 30 In the study by Paydas et al, 24 RT-PCR was used to detect the HCV-RNA in serum and tissue samples of 30 cases of NHL. The anti-HCV antibodies were tested with microparticle enzyme immunoassay. Reactive lymph node samples taken from 30 cases without lymphoma were used as controls. In that study, the HCV-RNA prevalence was higher in tissue samples (37%) than in serum samples (23.3%). HCV core protein was studied in 10 of 11 HCV-RNA positive cases by IHC. Only 2 cases showed detectable HCV core protein, the tissue HCV-RNA was positive in these cases whereas the serum HCV-RNA was negative. In an Egyptian study performed on 29 cases of NHL, HCV-NS3 antigens were found in tissue by IHC in 41% of cases and HCV-RNA in the serum in 27.6% of cases. 30 Tissue RT-PCR findings in tissue did not yield satisfactory results. The serum findings of the patients in that study were compared with those of 36 apparently healthy individuals as a control group, whereas 10 nonmetastatic lymph nodes from cancer cases other than NHL were used as a control for IHC. Another earlier study showed HCV-RNA in 26% of lymphoma tissues but none of the cases showed HCV core protein by IHC. Thirty-one cases of B-cell NHLs and lymph nodes from 32 patients with diseases other than B-cell NHL as negative controls were the subjects of that study, but the serologic findings were not investigated. 25 The low expression of the viral proteins in lymphoma tissues of otherwise serum HCV-RNA positive cases (20.5%) could represent a low viral load in lymphoid tissue as reported by previous studies. 24, 25 Such a low viral load might be below the detection threshold of IHC. The expression of HCV gene products may be closely related to certain stages of B-cell differentiation with a possible restriction of HCV infection to certain subtypes of B-cell NHL more than others. 20 NHL is now considered as a diverse group of separate entities that differ in their pathologic features, molecular lesions, clinical outcomes, and perhaps etiology. 26 We did not find any significant association between serum HCV-RNA prevalence and NHL subtype in our cases when compared with serum HCV-RNA negative controls. Among B-cell NHLs, associations with HCV were seen for diffuse large B-cell, follicular, marginal zone, and chronic lymphocytic leukemia/small lymphocytic lymphoma. 13 Other studies did not show an increased risk of follicular lymphoma associated with HCV infection but confirmed the increased risk for DLBCL and marginal zone lymphoma, as well as lymphoplasmacytic lymphoma. 15, 31 However, in the majority of lymphoma studies, small sample sizes have prevented an analysis of the relationship between HCV and single lymphoma subtypes. 32 The detection of HCV antigens in 2 (5.7%) of serum HCV-RNA negative samples in our study may be explained by the long-term persistence of HCV-RNA in lymphatic cells despite HCV-RNA negativity of serum and liver. A role played by HCV lymphotropism in subjects with incomplete viral clearance after antiviral treatment is strongly suggested, even if the exact mechanisms involved are at present unknown. 7 It was previously reported that higher HCV-RNA prevalence was found in lymphoma tissue samples compared with serum samples. 24 Several reports support the concept of HCV-RNA positive peripheral blood mononuclear cells in the absence of HCV viremia, and as there is acceptance that both hepatitis B virus and HCV can persist in the liver in individuals who have apparently recovered from infection, it is possible that virus persistence is equally possible in other cell types. 33 The detection of HCV antigens in lymphoma tissues by IHC was also reported to be more frequent than serum HCV-RNA prevalence. 30 However, the use of IHC for the detection of viral proteins by itself leaves open the question of whether positive results might be because of cross reaction of the viral antiserum with a cellular antigen. In this study, we investigated for HCV-RNA in tissues using RT-PCR in 10 lymphoma tissue samples positive for HCV by IHC (8 HCV serum RNA positive and 2 serum negative samples). We found HCV-RNA in the tissues of one HCV-RNA serum negative sample. We could not isolate adequate RNA material from the other 9 tissue samples. This might have been caused by inconsistency in tissue fixation, where some of the samples were fixed in suboptimal dilutions of formaldehyde, with variable pH levels, or subjected to high temperatures during formalin fixation. It has been reported that formalin fixation conditions might have an effect on RT-PCR detectable RNA from tissue blocks. 34 The cytoplasmic staining pattern of lymphoid cells detected in this study has also been reported in other studies applying HCV-NS3 antibody for the detection of HCV antigens in lymphoid tissue. 20, 30, 35 In this study, the stained lymphoid cells ranged from 10% to 70%, being randomly distributed among both malignant and reactive small lymphocytes. Comparable results were also reported as regards to the distribution of HCV-related proteins in lymphoid tissue. 20 In that study, NS3 and NS4 proteins were detected in lymphoid cells of the interfollicular areas of reactive lymph nodes and in circulating mononuclear cells of capsular blood vessels. It was suggested that HCV infection precedes neoplastic transformation and consequently HCV may have a role in the development of lymphoma. Another study applying HCV-NS3 antibody for the detection of HCV antigens among NHL cases (B-cell and T-cell lymphomas) reported a range of 11% to 30% positively stained lymphoid cells where most of the stained cells were lymphoma cells. 30 In several previous studies, immunoreactivity for HCV antigens in lymphoma tissues was either poor or absent. 20, 24, 25, 35, 36 The results indicated that the detection rates of HCV in extrahepatic tissues were low and the amount of HCV-positive staining cells in extrahepatic tissues was also obviously lower than that in livers; and there were differences in HCV expression in various cells among different extrahepatic tissues. 35 The demonstration of HCV antigens in lymphoma tissue supports a potential role of HCV infection in the etiology of NHL. However, HCV is less likely to cause lymphomagenesis by a direct oncogenic mechanism, as the RNA virus cannot integrate its viral nucleic acid sequences into the lymphocyte genome. 32 It has been proposed that the persistence of the virus in lymphocytes can indirectly induce lymphomagenesis by sustained chronic antigenic stimulation of B-cell proliferation in a fashion similar to Helicobacter pylori. The HCV envelope protein E2 is able to bind to CD81, a B-cell receptor. The E2/CD81 complex enables B-cells to respond to lower thresholds of B-cell signaling. The sustained polyclonal expansion of B-cells would be prone to mistakes in immunoglobulin gene rearrangement processes such as the t(14;18) translocation, present in a significant percentage of peripheral blood lymphocytes in HCV infected individuals, particularly with MC. This translocation is responsible for BCL-2 activation, which extends B-cell survival by inhibiting apoptosis. Abnormal B-cell survival would favor the accumulation of genetic mutations, possibly leading to malignant transformation. 7 Conversely, a ''hit and run'' mechanism has been proposed for HCV-induced mutations of immunoglobulin genes and oncogenes in B-cell lines infected by HCV as compared with noninfected cells. 37 The extensive epidemiologic studies relying on PCR-based associations along with the laboratory studies using in situ methods for detection of HCV gene products in lymphoma tissues are still not sufficient for a credible case. The specificity of the association of HCV infection to particular subtypes of NHL needs to be addressed especially in populations with high HCV prevalence to strengthen the evidence for a causal role for HCV in the development of NHL. More laboratory research is required to understand how chronic immune stimulation may lead to NHL. This research would help to inform the interpretation of epidemiologic data on subtype-specific associations. 32 It will be interesting to investigate to what extent host factors, that control the natural course of HCV infection, may modulate lymphoma risk among HCV infected individuals. 31 HCV testing is not routinely recommended or performed for patients with lymphoma, the true prevalence of HCV infection in these patients is unknown. Therefore, the ability to accurately detect HCV viral sequences from archival tissue embedded in paraffin is essential to document HCV infection in such tissues. 24 IHC can be used as a complementary tool for specific HCV detection in the paraffin-embedded material of lymphoma tissues not suitable for RNA analysis. Further studies are essential to validate the sensitivity and specificity of various commercially available monoclonal antibodies against HCV antigens in lymphoma tissue. The NS proteins are assumed to be more specific targets as they are acknowledged as markers of ongoing virus replication. 33 The results obtained should be related to the data obtained from serum HCV-RNA and to the results of in situ detection of nucleic acids by in situ hybridization or RT-PCR in tissue.
